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(54) PRODUCTION OF CARBON NANOTUBE, FIELD-EMISSION COLD- CATHODE 
DEVICE AND ITS PRODUCTION 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To obtain a stable large emission current by applying 
enough voltage on each emitter. 

SOLUTION: After a Si02 film 2 and a gate layer 3 formed on a silicon substrate 1 have 
been patterned, an Fe thin film 5 is formed by sputtering and Fe dots 6 are formed 
simultaneously on the exposed surface of the silicon substrate 1. While a magnetic field 
is applied using an electromagnet 7 on the Fe dots 6 in the perpendicular direction to 



the silicon substrate 1 to attract the Fe dots 6, carbon nanotubes 8 are selectively grown 
between the Fe dots 6 and the silicon substrate 1 to form emitter electrodes. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the carbon nanotube characterized by 
impressing a field perpendicularly to said substrate front face, growing up a carbon 
nanotube into the metal catalyst dot which consists of a magnetic material alternatively 
exposed on the semi-conductor, the metal, or the substrate of an insulator alternatively, 
and making said metal catalyst dot remain in the point of this carbon nanotube. 
[Claim 2] The process which carries out the laminating of an insulator layer and the 
metal layer, and forms them on the substrate of a semi-conductor or a metal, The 
process which forms a magnetic material in said substrate front face so that a magnetic 



material may expose behind the front stirrup which is the manufacture approach of 
field emission mold cold cathode including the process which etches said insulator layer 
and said metal layer, and forms opening, and forms said opening, To the metal catalyst 
dot which consists of a magnetic material alternatively exposed on said substrate The 
manufacture approach of the field emission mold cold cathode equipment characterized 
by including the process which a field is perpendicularly impressed [ process ] to said 
substrate front face, grows up a carbon nanotube alternatively, and makes this metal 
catalyst dot remain in the point of this carbon nanotube. 

[Claim 3] The gate electrode alternatively formed on the substrate of a semi-conductor 
or a metal, and the emitter electrode formed in said substrate front face, It comes to 
provide the anode electrode which opposite arrangement is carried out, and 
electropositive potential is impressed to said emitter electrode to this emitter electrode, 
and captures the emission electron from this emitter electrode. Field emission mold cold 
cathode equipment characterized by coming to form said emitter electrode with two or 
more carbon nanotubes which the porous layer was formed in said substrate, and 
arranged in the direction same in the pore of this porous layer, and the tip projected 
from this porous layer. 

[Claim 4] The process which carries out the laminating of an insulator layer and the 
metal layer one by one, and forms them on the substrate of a semi-conductor or a metal, 
The process in which this insulator layer and a metal layer are removed alternatively, 
and only predetermined thickness forms **** lump opening for this substrate by 
etching said substrate, an insulator layer, and a metal layer, The process which embeds 
a porous material at said opening and forms a porous layer, and the process which two 
or more carbon nanotubes are made to arrange in the same direction, and forms them 
into the pore of said porous layer, The manufacture approach of the field emission mold 
cold cathode equipment characterized by including the process which remove said 
porous layer alternatively, and the point of said carbon nanotube is made to project, and 
forms an emitter electrode. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach, the field 



emission mold cold cathode equipment, and its manufacture approach of the carbon 
nanotube in which it is used for a power device, a display, a cathode-ray tube, an emitter, 
a lamp, an electron gun, etc., and the outstanding current stability on the strength is 
shown. 
[0002] 

[Description of the Prior Art] In recent years, development of the minute cold cathode 
using the ultra-fine processing technology which has progressed centering on a 
semiconductor integrated circuit is furthered actively. Until now, application studies, 
such as an ultrahigh frequency component, a flat display, the light source, and a sensor, 
are performed, and it has a hope for the development of the device exceeding the 
limitation of the solid-state component of a semi-conductor in which the description of 
the electron source was employed efficiently. The field emission mold cold cathode 
proposed by CA.Sprint as the typical example is known. 

[0003] An example of this field emission mold cold cathode is shown in drawing 12 . As 
shown in drawing 12 , it is Si02 on a silicon substrate 1. The film 2 is formed and it is 
this Si02. The gate layer 3 is formed on the film 2. And this Si02 Two or more emitters 
121 which consist of Mo etc. are formed in silicon substrate 1 front face exposed by 
removing the film 2 and the gate layer 3. The emitter 121 is formed so that the point 
may serve as the sharpest possible configuration, and the longitudinal section may 
serve as about 3 angles. 

[0004] Generally, in order to raise a field emission current, the point of the emitter 121 
which is cold cathode needs to make radius of curvature small, and needs to centralize a 
heavy current community on the part. Moreover, to raise the degree of integration of an 
emitter array is also needed. Therefore, the distance between each emitters must also 
be small. The large emission current is especially needed for the application of a power 
device etc. 

[0005] However, on the occasion of emitter 121 point formation, in current ultra-fine 
processing technology, it was easy to produce variation in the configuration of an 
emitter point, and by the field emission mold cold cathode mentioned above, in order to 
carry out electric-field concentration by the tip of an emitter 121, although control of 
nano order size was indispensable, since [ that the distance between emitters was 
large ] the degree of integration was low, problems, such as a fall of a field emission 
current, had arisen. 

[0006] Then, the attempt of electron emission using a carbon nanotube occurs among 
the proposals towards implementation of the high current emission stabilized as field 
emission cathode. A carbon nanotube is that which the graphite layer rolled in the 



shape of a cylinder consisted nest-like of, and the size has the very thin path of dozens of 
nm or less. Since the radius of curvature at a tip is small above from the first, especially 
this carbon nanotube does not need to establish such a process, and can produce ****** 
which excelled [ process / simple ] in current stability on the strength with high electron 
emission effectiveness. Moreover, since a carbon nanotube is excellent in oxidation 
resistance and ion bombardment-proof nature and can control the damage of the 
emitter array by ionization of residual gas, it is promising as an emitter array of the 
stable high current emission. Furthermore, since size of a carbon nanotube is very 
minute, it is suitable to consider as the structure which narrowed emitter spacing. 
[0007] Although there was such an advantage in a carbon nanotube, there were the 
following troubles about the manufacture approach. As a conventional method, a metal 
catalyst is carried out to an arc discharge method at a seed, and a CVD method is 
mentioned. 

[0008] When an arc discharge method was used and formed in the 1st, even if the 
direction of each tip of a carbon nanotube tended to become irregular, and it could 
bundle and could arrange the direction to some extent, it was difficult to make it the 
structure where electrical potential difference for each difficult for this reason carbon 
nanotube with sufficient keeping and arranging spacing moderate in micron can be 
impressed. 

[0009] When metal catalysts, such as Fe and nickel, were used [ 2nd ], CDV growth 
could be carried out alternatively at the place with these metal catalysts, but the carbon 
nanotube was very slender also in this case, and since the aspect ratio was high, in the 
Prior art, it was impossible for the nanotube which has grown to have been extended in 
the direction of arbitration from a metal kind, to have grown, and to have made it grow 
up perpendicularly. 

[00 10] The SEM photograph of the carbon nanotube grown up with the CVD method by 
making nickel into a metal catalyst is shown in drawing 13 . Arrangement of nickel 
which serves as a metal catalyst at drawing 13 (a) is shown, and the carbon nanotube 
grown up into drawing 13 (b) with the conventional CVD method is shown. It is clear 
that it is not extended perpendicularly, but is arranged in the direction of arbitration, 
and the direction of a tip becomes irregular from these SEM photographs although a 
nanotube carries out selective growth from a metal catalyst. Therefore, it was difficult 
to arrange in this direction as an emitter in the conventional grown method, and it was 
impossible to have imposed electric field on each emitter equally. Therefore, it was 
difficult to obtain sufficient emission current. 
[0011] 



[Problem(s) to be Solved by the Invention] As mentioned above, the stable large 
emission current which control of an emitter tip configuration is difficult for the 
structure of the conventional field emission mold cold cathode to the 1st, it is large, and 
can be applied to a power device etc. is not acquired. [ of spacing between emitters ] 
[0012] It was a problem that 2nd sufficient electrical-potential-difference impression for 
each emitter is not performed when it is difficult for a nanotube to arrange a direction in 
the case of a carbon nanotube and uses as an emitter array. Therefore, sufficient 
emission current is not acquired. 

[0013] The place which it was made in order that this invention might solve the 
above-mentioned technical problem, and is made into the purpose is to offer the field 
emission mold cold cathode equipment which can impress sufficient electrical potential 
difference for each emitter, and can acquire the stable large emission current, and its 
manufacture approach. Moreover, another purpose of this invention is to offer the 
manufacture approach of the carbon nanotube used for the above-mentioned field 
emission mold cold cathode equipment. 
[0014] 

[Means for Solving the Problem] The manufacture approach of the carbon nanotube 
concerning claim 1 of this invention impresses a field perpendicularly to said substrate 
front face, grows up a carbon nanotube into the metal catalyst dot which consists of a 
magnetic material alternatively exposed on the semi-conductor, the metal, or the 
substrate of an insulator alternatively, and is characterized by making said metal 
catalyst dot remain in the point of this carbon nanotube. 

[0015] Moreover, the manufacture approach of the field emission mold cold cathode 
equipment concerning claim 2 of this invention The process which carries out the 
laminating of an insulator layer and the metal layer, and forms them on the substrate of 
a semi-conductor or a metal, The process which forms a magnetic material in said 
substrate front face so that a magnetic material may expose behind the front stirrup 
which is the manufacture approach of field emission mold cold cathode including the 
process which etches said insulator layer and said metal layer, and forms opening, and 
forms said opening, A field is perpendicularly impressed to said substrate front face, a 
carbon nanotube is alternatively grown up into the metal catalyst dot which consists of 
a magnetic material alternatively exposed on said substrate, and it is characterized by 
including the process which makes this metal catalyst dot remain in the point of this 
carbon nanotube. 

[0016] The desirable gestalt of this invention is shown below. 

(l) Expose a magnetic material alternatively on a substrate forming on a substrate the 



thin film which consists of a magnetic material, removing an insulator layer and a 
metal layer alternatively, and forming opening, or by forming and carrying out lift off of 
the magnetic material, after forming opening before forming an insulator layer and a 
metal layer. 

(3) Although it is desirable to use Fe, Co, and nickel as a magnetic material, if it is a 
ferromagnetic ingredient, it is good anything. 

(4) Carry out field emission, impressing a magnetic field perpendicularly to a substrate 
front face. 

(5) Switch the electric-field emission by the magnetic field to the growth direction of a 
carbon nanotube by the lateral actuation which carries out magnetic field impression, 
and actuation which impresses the magnetic field of a lengthwise direction. 

[0017] Moreover, the field emission mold cold cathode equipment concerning claim 3 of 
this invention The gate electrode alternatively formed on the substrate of a 
semi-conductor or a metal, and the emitter electrode formed in said substrate front face, 
It comes to provide the anode electrode which opposite arrangement is carried out, and 
electropositive potential is impressed to said emitter electrode to this emitter electrode, 
and captures the emission electron from this emitter electrode. It is characterized by 
coming to form said emitter electrode with two or more carbon nanotubes which the 
porous layer was formed in said substrate, and arranged in the direction same in the 
pore of this porous layer, and the tip projected from this porous layer. 
[0018] Moreover, the manufacture approach of the field emission mold cold cathode 
equipment concerning claim 4 of this invention The process which carries out the 
laminating of an insulator layer and the metal layer one by one, and forms them on the 
substrate of a semi-conductor or a metal, The process in which this insulator layer and a 
metal layer are removed alternatively, and only predetermined thickness forms **** 
lump opening for this substrate by etching said substrate, an insulator layer, and a 
metal layer, The process which embeds a porous material at said opening and forms a 
porous layer, and the process which two or more carbon nanotubes are made to arrange 
in the same direction, and forms them into the pore of said porous layer, It is 
characterized by including the process which remove said porous layer alternatively, 
and the point of said carbon nanotube is made to project, and forms an emitter electrode. 
[0019] The desirable gestalt of this invention is shown below. 
(DA porous layer consists of a semi-conductor or a metal. 
(2) Create a porous layer by anodization. 

In (3) and (2), an ingredient with dope concentration high as a substrate is used. 

(4) Formation of the emitter electrode by the carbon nanotube is immersed in a porous 



layer into the solution in which the carbon nanotube was dissolved, and perform it by 
vibrating this porous layer, inserting a carbon nanotube in the pore of a porous layer, 
and making it arrange in the same direction. 

[0020] The effectiveness as this invention that invention of the following configurations 
is also the same is acquired. 

(1) It comes to provide the emitter electrode formed with two or more carbon nanotubes 
which arranged in the same direction as the substrate of a semi-conductor or an 
insulator, the metal layer formed on this substrate, the gate electrode alternatively 
formed on this metal layer, and the front face which said metal layer exposed, and the 
tip projected from this metal layer. 

(2) The process which forms an insulator layer on a semi-conductor substrate, and the 
process which forms the porous layer which removes an insulator layer by alternative 
etching and becomes the exposed semi-conductor substrate from a porous material, The 
process which a nanotube array is formed [ process ] and makes the point of a nanotube 
project by arranging or growing up a nanotube in the same direction into the pore of a 
porous layer, The process which forms a metal membrane so that the point of the 
projecting nanotube may be wrapped, The process which imprints a nanotube array to a 
glass substrate by pasting up a glass substrate on a metal membrane, By only 
predetermined thickness's removing a semi-conductor substrate, and all removing a 
porous layer, the point of a carbon nanotube is made to project and it consists of a 
process which forms a carbon nanotube emitter array with the gate. 

In (3) and (2), before forming a metal membrane, it applies to a porous layer side face 
from the front face of the substrate formed between the adjoining porous layers, a 
substrate is oxidized, and gate dielectric film is formed. 

[0021] (Operation) In this invention (claims 1 and 2), in case a carbon nanotube is 
alternatively grown up on the substrate of a semi-conductor or an insulator, the 
magnetic material formed alternatively is formed on a substrate, and it carries out, 
impressing a field to this magnetic material perpendicularly to a substrate front face, 
and attracting a magnetic material. Thereby, a carbon nanotube can vary 
perpendicularly to a substrate front face, can be grown up that there is nothing, and 
becomes possible [ setting and arranging spacing moderate in micron ]. Thus, if the field 
emission mold cold cathode equipment which made the emitter array the formed carbon 
nanotube is used, it becomes possible to apply electric field to each emitter equally, and 
sufficient emission current can be obtained. 

[0022] Moreover, in another this invention (claims 3 and 4), by arranging a carbon 
nanotube in the pore of the nano order of a porous layer, the direction of a tip of a carbon 



nanotube is arranged, the high emitter array of an aspect ratio can be arranged to high 
density, the stable high field emission current is acquired, and application of the power 
device which needs the large emission current can be realized. Moreover, an emitter 
component with more high reinforcement is obtained by making a carbon nanotube 
array imprint. 
[0023] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is 
explained, referring to a drawing. 

(The 1st operation gestalt) Drawing 1 ■ drawing 3 are drawings for explaining the 
manufacture approach of the field emission mold cold cathode equipment concerning 
the 1st operation gestalt of this invention. Drawing 1 is the process sectional view 
showing the manufacture approach of the field emission mold cold cathode equipment 
concerning this operation gestalt. With this operation gestalt, it is the emitter array into 
which the carbon nanotube by the CVD method was grown up, impressing a magnetic 
field using ferromagnetic Fe metal catalyst. Along with drawing 1 , a production process 
is explained below. 

[0024] First, as shown in drawing 1 (a), the silicon substrate 1 of n mold which carried 
out surface treatment by standard washing of the usual semi-conductor wafer is 
prepared. Next, Si02 film 2 is formed with the oxidizing [ thermally ] method or a CVD 
method on a silicon substrate 1. Furthermore, Si02 The gate layer 3 which consists of 
Cr on the film 2 is formed by the spatter. A resist 4 is further applied on this gate layer 3, 
and patterning is carried out using a lithography process. 

[0025] Next, it is Si02 until a silicon substrate 1 is exposed, as shown in drawing 1 (b). 
The film 2 and the gate layer 3 are etched. Next, the Fe thin film 5 used as a metal 
catalyst is formed by the spatter, and it forms in silicon substrate 1 front face which 
exposed the Fe dot 6 which consists of Fe of submicron order by lift off. 
[0026] Next, as shown in drawing 1 (c), the spin direction of Fe of the Fe dot 6 is 
arranged in the same direction by carrying out opposite arrangement of the 
electromagnet 7 at a silicon substrate 1, and applying a strong magnetic field one teslas 
or more perpendicularly to silicon substrate 1 front face. And this Fe dot 6 grows up a 
carbon nanotube 8 into a seed with a CVD method, applying a weak magnetic field 
using an electromagnet 7 again. Keep a degree of vacuum concrete to 100Torr(s), 
supplying methane and hydrogen, it is made to grow up for 20 minutes at 1000 degrees 
C, and a carbon nanotube 8 is formed. The Fe dot 6 used as a metal catalyst always goes 
up at the tip of a nanotube 8 with growth of a carbon nanotube 8. 

[0027] Drawing 2 is the sectional view showing the situation of the strong magnetic field 



impression for arranging the spin direction of the metal catalyst Fe dot 6 in the case of 
growth of a carbon nanotube 8. As shown in drawing 2 , in accordance with the magnetic 
field where the spin direction of the Fe dot 6 was impressed, it arranges perpendicularly 
by impressing a strong magnetic field to a silicon substrate 1 perpendicularly with an 
electromagnet 7. If the magnetic field of the same perpendicular direction is impressed 
on the occasion of subsequent CVD growth, the Fe dot 6 is always attracted in a 
magnetic field, and a carbon nanotube can grow straightly. 

[0028] Drawing 3 shows the TEM photograph at the tip of the carbon nanotube 8 
manufactured by the manufacture approach shown above. As drawing 3 shows, it turns 
out that there is always a Fe dot 6 which is a metal catalyst at the tip of a nanotube 8 
with growth of a carbon nanotube 8, and the Fe dot 6 is located at the tip of a nanotube 
8 also in the manufactured nanotube 8. 

[0029] The carbon nanotube array which finally carried out the Fe dot 6 at the tip 
according to the above process is formed. The dot of Fe or the tip of a nanotube serves as 
a nanotube array which was always attracted in the magnetic field and grew straightly, 
and an emitter array is obtained in the array to which the direction of a tube was equal. 
Finally, as shown in drawing 1 (d), the anode electrode 9 is formed so that an emitter 
array may be countered, and a silicon substrate 1 is countered and an electromagnet 10 
is arranged so that a magnetic field may occur perpendicularly to silicon substrate 1 
front face. 

[0030] Thus, the cross-section structure of the manufactured field emission mold cold 
cathode equipment is Si02 on a silicon substrate 1. The film 2 and the gate layer 3 are 
formed, the emitter array which consists of carbon nanotubes 8 which become 
perpendicular to opening is prepared, and the Fe dot 6 exists in the point of these 
nanotubes 8. This carbon nanotube array is a silicon substrate 1. It lets it pass, power is 
supplied and it functions as field emission mold cold cathode. An efficient field emission 
current is acquired by impressing a magnetic field with electric field. 
[0031] The gate electrode was also prepared in the carbon nanotube emitter array which 
grew up to be each perpendicular as mentioned above, and when field emission was 
measured impressing a magnetic field, low electric field and the efficient emission 
current were acquired from the conventional thing. 

[0032] Thus, by growing up a carbon nanotube according to this operation gestalt, using 
the ferromagnetism of Fe which serves as a metal catalyst as compared with the former, 
and impressing a magnetic field And the emitter of the nano order arranged 
perpendicularly is obtained, the aspect ratio which does not carry out configuration 
processing at the tip of an emitter is high - in addition - Field emission can be 



measured impressing a magnetic field to this emitter array, and the field emission mold 
cold cathode equipment which was stabilized [ device / power ] and in which the large 
emission current is possible is obtained. 

[0033] (The 2nd operation gestalt) Drawing 4 is the process sectional view showing the 
manufacture approach of the field emission mold cold cathode equipment concerning 
the 2nd operation gestalt of this invention. The Fe dot 6 which serves as a metal 
catalyst with the 1st operation gestalt is Si02. Although the film 2 and the gate layer 3 
were formed by lift off after opening, at this operation gestalt, it is Si02. Before carrying 
out opening of the gate layer 3 to the film 2, the manufacture approach by the process 
which forms Fe film beforehand is shown. The same sign is hereafter given to the same 
configuration as the 1st operation gestalt, and detailed explanation is omitted. 
[0034] First, as shown in drawing 4 (a), the same silicon substrate 1 as drawing 1 is 
prepared, and the Fe thin film 41 is formed by the spatter on this silicon substrate 1. 
Next, it is Si02 on the Fe thin film 41. The laminating of the film 2 and the gate layer 3 
is carried out one by one, and they are formed. 

[0035] Next, as shown in drawing 4 (b), they are the gate layer 3 and Si02 by the 
lithography process and etching. Opening of the film 2 is carried out and the Fe thin 
film 41 is exposed. Therefore, the Fe dot 42 exposed to opening serves as a metal 
catalyst. The spin direction of Fe is arranged by applying a strong magnetic field 
perpendicularly to silicon substrate 1 front face to this Fe dot 42. 

[0036] Next, countering a silicon substrate 1, arranging an electromagnet 7 like the 1st 
operation gestalt, and applying a magnetic field, as shown in drawing 4 (c), the Fe dot 
42 grows up a carbon nanotube 8 into a seed with a CVD method, and an emitter array 
is formed. Also in this case, the Fe dot 42 always goes up at the tip of a nanotube 8 with 
growth of a carbon nanotube 8 like the 1st operation gestalt. 

[0037] Next, as shown in drawing 4 (d), the anode electrode 9 is formed to an emitter 
array, a silicon substrate 1 is countered and an electromagnet 10 is arranged. And if a 
magnetic field is impressed like the 1st operation gestalt, field emission emission will be 
obtained. The emitter array of the nano order by which the aspect ratio was arranged 
highly and perpendicularly like [ in this operation gestalt ] the 1st operation gestalt is 
obtained, and the large emission current stabilized when it used as field emission mold 
cold cathode equipment is acquired. 

[0038] As mentioned above, by impressing a magnetic field using Fe metal catalyst 
ferromagnetic with a 1st and 2 operation gestalt, a carbon nanotube can be grown up 
into a perpendicular and the nanotube array to which the direction of a tip was equal 
can be formed. Compared with the conventional tip configuration processing emitter 



and the carbon nanotube emitter array to which the conventional tip was not equal, the 
efficient field emission current is far acquired by these. 

[0039] (The 3rd operation gestalt) Drawing 5 is the process sectional view showing the 
manufacture approach of the switching element using the carbon nanotube concerning 
the 3rd operation gestalt of this invention. 

[0040] First, as shown in drawing 5 (a), the Fe dot 51 used as a metal catalyst is formed 
by forming Fe thin film on a silicon substrate 1, and performing patterning [ thin film / 
this / Fe ] using a lithography process. Next, impressing a strong magnetic field 
perpendicularly to silicon substrate 1 front face using an electromagnet 7, as shown in 
drawing 5 (b), a carbon nanotube 52 is perpendicularly grown up to silicon substrate 1 
front face with a CVD method, and a carbon nanotube array is formed. And the anode 
electrode 9 is formed so that a nanotube array may be countered. 

[0041] Actuation of the switching element of the carbon nanotube array concerning this 
operation gestalt is explained using drawing 6 . An electrical potential difference is 
impressed between the anode electrode 9 and a silicon substrate 1, arranging an 
electromagnet 7 perpendicularly to silicon substrate 1 front face, and impressing a 
magnetic field perpendicularly to substrate 1 front face, as shown in drawing 6 (a). This 
obtains the stable field emission emission. 

[0042] By arranging an electromagnet 7 on the side face of a silicon substrate 1 on the 
other hand, as shown in drawing 6 (b), and impressing a magnetic field in parallel to 
silicon substrate 1 front face, Fe at the tip of a carbon nanotube 52 is attracted, and 
even if a carbon nanotube 52 impresses an electrical potential difference to the anode 
electrode 9 toward width, emission will be obtained. Thus, in case emission is carried 
out, by controlling a magnetic field to the parallel sense to silicon substrate 1 front face, 
the sense at the tip of an emitter can be changed and SUICHINGU of emission can be 
controlled. Therefore, since SUICHINGU [ field emission by control of a magnetic field ], 
it is not necessary to prepare a gate electrode instead of an electric gate electrode. 
[0043] This invention is not limited to the above-mentioned l"3rd operation gestalt. The 
metal catalyst in the above-mentioned operation gestalt can use the metallic material 
with ferromagnetism of not only Fe but Co, nickel, and others. 

[0044] Moreover, as a process of the thin line of nano size, the minute dot of a 
ferromagnetic ingredient is used for a catalyst, and a detailed thin line can be grown up 
by the process of CVD or others, impressing a magnetic field. 

[0045] Moreover, although the case where a carbon nanotube was grown up was shown 
impressing a magnetic field, the case where stop impression of a magnetic field in the 
case of growth of a carbon nanotube, impress a magnetic field after a carbon nanotube 



grows, and make the configuration of a carbon nanotube into a perpendicular 
configuration, and it arranges in the same direction is sufficient. 

[0046] Moreover, although the case where impressed an electrical potential difference 
and emission was obtained was shown impressing a magnetic field on the occasion of 
actuation of field emission mold cold cathode equipment, even if it is the case where only 
an electrical potential difference is impressed without impression of a magnetic field, of 
course, emission is obtained. 

[0047] Furthermore, the semi-conductor substrate which consists of other ingredients 
instead of a silicon substrate 1 may be used, and the substrate which consists of a metal 
and an insulator may be used. 

(The 4th operation gestalt) Drawing 7 is the process sectional view showing the 
manufacture approach of the field emission mold cold cathode equipment concerning 
the 4th operation gestalt of this invention. This operation gestalt is the emitter array 
which inserted and arranged the carbon nanotube to the mold which used porosity 
silicon. Hereafter, a production process is explained, referring to drawing 7 . 
[0048] First, as shown in drawing 1 (a), the silicon substrate 1 of n mold which carried 
out surface treatment by standard washing of the usual semi-conductor wafer is 
prepared. Next, Si02 film 2 is formed with the oxidizing [ thermally ] method or a CVD 
method on a silicon substrate 1. Furthermore, Si02 The gate layer 3 which consists of 
Cr on the film 2 is formed by the spatter. 

[0049] Next, as patterning of the resist which is not illustrated is carried out with 
lithography, a resist pattern is formed and it is shown in drawing 1 (b) based on the 
obtained pattern, it is Si02 by etching. The film and the gate layer 3 are removed 
alternatively, and further, in connection with this, a silicon substrate 1 also digs only 
predetermined thickness deep and forms a crevice. 

[0050] Next, as shown in drawing 7 (c), porosity silicon is formed from the silicon 
substrate 1 of silicon opening by anodization. A high current performs this anodization 
using an ingredient with dope concentration high as a silicon substrate 1. anodization 
liquid - fluoric acid and an ethanol solution - HF: - it is what was produced by the 
ratio of ethanol =2^3, and the porosity silicon layer 71 of several micron thickness is 
formed by performing anodization for 5 minutes. 

[0051] Next, a diameter melts the powder of the about dozens of nanometers carbon 
nanotube 72 in an ethanol solution from SABUNANOMETORU. And the porosity 
silicon layer 71 is made to permeate into the ethanol solution obtained as shown in 
drawing 7 (d), and a carbon nanotube 72 is inserted in the pore of the porosity silicon 
layer 71 by making it vibrate ultrasonically. 



[0052] Drawing 8 is the circumference enlarged drawing of the porosity silicon layer 71 
in the configuration shown in drawing 7 . As shown in drawing 8 , the carbon nanotube 
72 is inserted in the pore 81 of the nano size formed in the porosity silicon layer 71, 
respectively. A carbon nanotube can be arranged in this direction to the pore of nano size 
by distributing the carbon nanotube which had become hard with forming the pore of 
nano size by porosity with this operation gestalt to having been irrational as an emitter 
array since it was difficult to arrange in the said direction since the former and a carbon 
nanotube have the irregular direction of a tip and it usually exists in a lump, and an 
ethanol solution, and applying a supersonic wave. 

[0053] Then, sample washing is performed and a carbon nanotube emitter array is 
formed by baking a sample at 250 degrees C. The anode electrode 9 is formed so that an 
emitter array may finally be countered. 

[0054] The cross-section structure of the field emission mold cold cathode equipment 
manufactured according to the above process is Si02 on a silicon substrate 1. The film 2 
and the gate layer 3 are formed, opening has the structure of having the porosity silicon 
layer 71, and the carbon nanotube 72 is arranged in the pore of porous nano order, 
respectively. Power is supplied through a silicon substrate 1 and this carbon nanotube 
array functions as field emission mold cold cathode. 

[0055] Next, actuation of the field emission mold cold cathode equipment applied to this 
operation gestalt using drawing 9 is explained. As shown in drawing 9 , by impressing a 
forward electrical potential difference to the gate layer 3 and the anode electrode 9, and 
impressing a negative electrical potential difference to a silicon substrate 1, an electron 
91 is emitted from the tip of the carbon nanotube emitter array 72, and field emission is 
obtained. In this case, high current field emission can be performed from 100 in 
lmicrometerxlmicrometer area to 1000 carbon nanotubes 72 being arranged. 
[0056] (The 5th operation gestalt) Drawing 10 is the process sectional view showing the 
manufacture approach of the field emission mold cold cathode equipment concerning 
the 5th operation gestalt of this invention. The field emission mold cold cathode 
equipment concerning this operation gestalt gives the same sign to the same 
configuration as the configuration shown in drawing 7 about the modification of the 4th 
operation gestalt, and omits the detailed explanation. 

[0057] First, as shown in drawing 10 (a), it is thermal oxidation Si02 to a front face. The 
silicon substrate 1 in which the film 2 was formed is prepared. Next, as shown in 
drawing 10 (b), it is Si02 by patterning. Opening of the film 2 is carried out and a silicon 
substrate 1 is exposed. 

[0058] Next, it is Si02 as shown in drawing 10 (c). The porosity silicon layer 101 is 



formed in a silicon substrate 1 like the process of drawing 7 (c) using the same mask as 
the mask used for patterning of the film 2. Furthermore, as shown in drawing 11 (d), it 
is made to permeate into the ethanol solution with which the carbon nanotube mixed 
the sample which contains the porosity silicon layer 101 by the same approach as the 
process of drawing 7 (d), and by applying a supersonic wave, a carbon nanotube 72 is 
arranged to pore and the emitter array of a carbon nanotube 72 is formed. Next, it is 
Si02 by anodizing. An oxide film 111 is formed in the interface of the film 2 and a silicon 
substrate 1, and the interface of the porosity silicon layer 101 and a silicon substrate 1. 
[0059] Next, as shown in drawing 11 (e), the metallic materials 112, such as Cr, are 
formed by the spatter on Si02 film 2 including the porosity silicon layer 101. 
Furthermore, a glass substrate 113 is formed by electrostatic adhesion on this metallic 
material 112. 

[0060] Next, as shown in drawing 11 (f), while leaving the several microns silicon 
substrate 1 and removing it, the oxide film 111 formed in the lower part of the porosity 
silicon layer 101 is removed. Furthermore, it leaves a carbon nanotube 72 and etchback 
etc. all removes the porosity silicon layer 101 alternatively. According to the above 
process, in the silicon gate, nothing and a carbon nanotube emitter array are imprinted 
by the projection from a metallic material 112, and a sample is imprinted for a silicon 
substrate 1 by the glass substrate 113. Finally, the anode electrode 9 is formed so that 
an emitter array may be countered. 

[0061] In the field emission mold cold cathode equipment manufactured according to the 
above process, field emission is possible from a carbon nanotube emitter array by 
impressing a forward electrical potential difference to the gate electrode and the anode 
electrode 9 which consist of a silicon substrate 1. 

[0062] Thus, according to this operation gestalt, while doing so the same effectiveness 
as the 4th operation gestalt, an emitter component with more high reinforcement is 
obtained by making a glass substrate 113 imprint a carbon nanotube array. 
[0063] In addition, although the case where porosity silicon 101 was used was shown 
with this operation gestalt in order to create the pore of nano size, it is also possible to 
use the mold of an alumina in addition to porosity silicon. In this case, it is possible to 
use an aluminum substrate instead of a silicon substrate 1, to be able to form regular 
mold by anodization, and to arrange a carbon nanotube regularly. Moreover, it is also 
possible to use other semiconductor materials instead of porosity silicon 101. In this 
case, as for a semiconductor material, the thing of impurity doping of the arbitration of 
p mold and n mold is used. The size of the pore of porous nano order is controllable by it 
to arbitration from several nanometers to dozens of nano. The dimension of a carbon 



nanotube can use the thing of the diameter from SABUNANOMETORU to dozens of 
nanometers. 

[0064] This invention is not limited to the operation gestalt mentioned above. The 
nanotube or thin line which consists of a semi-conductor or a metal with a carbon 
nanotube or the same size as an emitter ingredient in this invention can be used. 
Moreover, although silicon is used as an ingredient of a substrate 1, an alumina can also 
be produced by anodic oxidation using aluminum, and the semi-conductor or metallic 
material which can carry out [ porosity Hzing can also be used. 
[0065] 

[Effect of the Invention] Since the emitter array of the field emission mold which 
consists of a carbon nanotube is arranged and formed in the same direction according to 
this invention as explained in full detail above, a tip can be arranged and the stable 
high field emission current can be acquired. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing ll The process sectional view showing the manufacture approach of the field 
emission mold cold cathode equipment concerning the 1st operation gestalt of this 
invention. 

[Drawing 21 Drawing showing the situation of the strong magnetic field impression for 
arranging the spin direction of Fe dot concerning this operation gestalt. 
[Drawing 31 The microphotography of the carbon nanotube manufactured by the 
manufacture approach concerning this operation gestalt. 

[Drawing 4l The process sectional view showing the manufacture approach of the field 
emission mold cold cathode equipment concerning the 2nd operation gestalt of this 
invention. 

[Drawing 51 The process sectional view showing the manufacture approach of the 
switching element of the carbon nanotube array concerning the 3rd operation gestalt of 
this invention. 

[Drawing 61 Drawing for explaining actuation of the switching element of the carbon 
nanotube array concerning this operation gestalt. 

[Drawing 7] The height sectional view showing the manufacture approach of the field 
emission mold cold cathode equipment concerning the 4th operation gestalt of this 



invention. 

[Drawing 81 The circumference enlarged drawing of the porosity silicon concerning this 
operation gestalt. 

[Drawing 9l Drawing for explaining actuation of the field emission mold cold cathode 
equipment concerning this operation gestalt. 

[Drawing 101 The process sectional view showing the manufacture approach of the field 
emission mold cold cathode equipment concerning the 5th operation gestalt of this 
invention. 

[Drawing 111 The process sectional view showing the manufacture approach of the field 
emission mold cold cathode equipment concerning this operation gestalt. 
[Drawing 121 The cross-sectional view showing the conventional field emission mold 
cold cathode whole configuration. 

[Drawing 131 The microphotography in which the configuration of the conventional 
carbon nanotube is shown. 
[Description of Notations] 

1 -- Silicon substrate 

2 - Si02 Film 

3 - Gate layer 

4 Resist 

5 - Fe thin film 
6, 42, 51 - Fe dot 
7 -- Electromagnet 

8, 52, 72 - Carbon nanotube 

9 --Anode 

41 - Fe thin film 

71,101 " Porosity silicon layer 

81 - Pore 

91 - Electron 

111 Oxide film 

112 - Metallic material 

113 - Glass substrate 



